In past, the materials used for denture bases were vulcanite, celluloid & phenol formaldehyde. Acrylic resins were introduced to dentistry in 1930's. There are certain limitations of acrylics like residual monomer allergy, poor mechanical strength, low fatigue strength, brittle on impact, poor conductors of heat, low hardness, high coefficient of thermal expansion, thermal shrinkage, poor color stability of self-cured resins, porosity, crazing, warpage, poor adhesion to metal and porcelain and requirement of mechanical retention. But still they are the most widely used denture base materials till date. But recently there has been much advancement in the field of denture base resins to overcome their drawbacks and to obtain an ideal denture base material. This article reviews the various advancements in the field of denture base resins.
INTRODUCTION
Acrylic resins were introduced by Dr. Walter Wright and Vernon Brothers in Philadelphia. Acrylic was introduced as transparent resin in 1936 & as acrylic powder in 1937. By 1940, 95% Dentures made from them. Poly (methylmethacrylate) is still the most predominantly used denture base material because of its excellent esthetics, ease of processing & repair and being economical. But it has certain drawbacks like residual monomer allergy 1 , poor mechanical strength, low fatigue strength, brittle on impact, poor conductors of heat, low hardness, high coefficient of thermal expansion, thermal shrinkage, poor color stability of self-cured resins, porosity, crazing, war page, poor adhesion to metal and porcelain and requirement of mechanical retention. Thus, to overcome these drawbacks, there has been much new advancement in the field of acrylics. Resins have been reinforced using different materials to improve strength. The hypoallergenic resins overcome the problems of monomer allergy. Other physical properties have also been improved by using different additives in resins. Therapeutic use of thermoplastic resins has also increased drastically in the late decade. Denture esthetics can further be improved by gum toning in the resins. 1 This article reviews the various advancements in the field of acrylics.
NEW ERA IN DENTURE BASE RESINS-A REVIEW
1. Reinforced resins a. High impact resins b. Fiber-reinforced 2. Hypoallergenic resins 3. Resins with modified chemical structure 4. Thermoplastic resins 5. Enigma gum toning in denture bases
A) REINFORCED RESINS:-HIGH IMPACT RESINS
Rubber reinforced (butadiene-styrene polymethyl methacrylate). Rubber particles grafted to MMA for better bond with PMMA. They are so-called because of greater impact strength & fatigue properties, hence indicated for patients who drop their dentures repeatedly e.g. parkinsonism, senility. Available as powder-liquid system & processing is same as heat-
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ADVANTAGES
Increases flexural strength, impact strength, prevents fatigue and strengthens the resin.
DISADVANTAGES
Unesthetic because of black colour but this can be covered by an opaquer. The polishing is difficult & also weakens the finished prosthesis. In addition, there is problem of lateral spreading of fibers during pressing.
c) ARAMID FIBER REINFORCED
Aramid fiber reinforcement increases the strength but again they are unesthetic & difficult to polish so limited to locations where aesthetics is not important.
d) POLYETHYLENE FIBER REINFORCED
Multifibered polyethylene strands [ Figure 2 ] cut to 65 mm length & surface treated with epoxy-resin (to improve adhesion) are placed in resin during packing. They develop anisotropic properties to the composite (i.e. increase strength and stiffness in one direction). 
ADVANTAGES
Exhibit highest impact strength & modulus of elasticity but flexural properties show no significant increase. Also there is slight decrease in transverse strength but transverse strength increases if polyethylene fiber reinforcement done Triad VLC resin. 4 Another biggest advantage is their esthetics (almost invisible).
DISADVANTAGES
Placement & finishing is difficult as fibers tends to protrude outside mould. Moreover, polyethylene (even with plasma) does not bond.
HIGHLY DRAWN LINEAR POLYETHYLENE FIBERS (HDLPF)
Patterns of continuous parallel fibers provide maximum reinforcement to both maxillary & mandibular bases. Reinforcement in maxilla is done by horizontally positioned fibers in anterior part of labial flange because maxillary fracture mostly occurs in midline on polished surface of palatal aspect in region immediately behind central incisors, which may be reduced by reinforcing the palate in lateral direction. Reinforcement done with 4 layers of fibers (2 in lateral direction sandwitched between 2 layers at 45 degree from middle ones.) by pre-preg technique (fiber content is 26% by volume). 
e) GLASS FIBRES (HAVE BEST AESTHETICS)
Continuous parallel fibers provide high strength & stiffness in one direction (anisotropic) while randomly oriented fibers provide similar properties in all directions (isotropic properties). Continuous fibers provide superior reinforcement over chopped fibres but placing continuous fibers at weak parts of denture is difficult & there is formation of voids inside fiberpolymer matrix system due to poor impregnation of fibers by resin & polymerization shrinkage, so chopped fibers mixed with denture base acrylic resin enhance isotropic mechanical properties. Six mm chopped glass fibers with 5% fiber in combination with injection moulding technique result in increase in transverse strength, elastic modulus& impact strength. 6 Glass fibers may be modified by plasma polymerization technique using HEMA, EDA, TEGDME.
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ADVANTAGES
These are the fibres of choice because of well documented improvement in flexural properties and fatigue resistance & the best aesthetics & excellent polishing characterstics. (Figure 3 ). In addition, they resist extreme temperature, moisture, oil. 
COMPARISON OF IMPACT STRENGTH OF RESINS REINFORCED WITH DIFFERENT FIBERS:
Polyethylene > glass > thick Kevlar >carbon >thin Kevlar > unreinforced. 9 Light activated indirect composite containing methane dimethacrylate (UDMA) is an alternative to PMMA for patients hypersensitive to PMMA. 10 But unfortunately these materials are not completely risk free.
C) RESINS WITH MODIFIED CHEMICAL STRUCTURE
Addition of hydroxy-apatite fillers increases fracture toughness. 11 Addition of Al 2 O 3 fillers increases the flexural strength & thermal diffusivity that could lead to more patient satisfaction. 12 The ratio of 2.2:1 by weight of powder to liquid was found to be the best ratio for mixing the material to give the best results in formulation.
13 2% quaternary ammonium compound polymerised with a denture acrylic resin displays antiseptic properties & these dentures may be used for geriatric patients to improve their oral health. 14 Addition of ceramic or sapphire whiskers to improve thermal diffusivity. 15 Addition of 11-14% of several compounds of either bismuth or uranium or 35% of an organo-zirconium compound impart radiopacity equivalent to that of aluminium. 16 Addition of Triphenyl Bismuth (Ph 3 Bi) is a promising new additive to provide radiopacity. Rawls HR et al found that cytotoxicity of PMMA was elevated slightly by inclusion of Ph 3 Bi, probably due to decreased monomer conversion. But when stored in water, cytotoxicity was reduced, so there is high level of safety for Ph 3 Bi wa a radiopaque additive for denture resins.
17
D) THERMOPLASTIC RESINS
This new procedure, during which a fully polymerized basic material is softened by heat (without chemical changes) and injected afterwards, has opened up a new chapter in making dentures.
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ADVANTAGES OF THERMOPLASTIC MATERIALS
Thermoplastic resins have many advantages over the conventional powder-liquid systems. They provide excellent esthetics with tooth or tissue colored materials and are very comfortable for the patient. These are very stable, resist thermal polymer unzipping, have high fatigue endurance, high creep resistance, excellent wear characteristics & solvent resistance. They are non-porous so no growth of bacteria, and even if it is non-porous, it still retains a slight amount of moisture to keep it comfortable against gums. They are unbreakable, flexible & light weight. Thermoplastic resins are a safe alternative to conventional resins because of very little or no monomer content. They may also be relined & repaired by repressing the restoration. These include thermoplastic Nylon (polyamide), thermoplastic acetal, thermoplastic acrylic & thermoplastic polycarbonate.
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I.) THERMOPLASTIC NYLON
T Th he e Basic material of thermoplastic nylon is polyamide (derived from diamine & dibasic acid monomers). Thermoplastic nylon was introduced to dentistry in 1950's. It uses Rapid Injection System (currently known as The Flexite Company -USA) originated in 1962 which introduced the first flexite thermoplastic (a fluoropolymer -a Teflon type plastic). Thermoplastic nylon is injected at temperatures from 274 to 293 degrees Celsius. The application of nylon-like materials to the fabrication of dental appliances has been seen as an advance in dental materials. This material generally replaces the metal, and the pink acrylic denture material used to build the framework for standard removable partial dentures. 18 Valplast & flexiplast are polyamides (nylon plastics), since then there is a continued interest in thermoplastic dental materials. 19, 20 In 1992 
ADVANTAGES
It is virtually invisible (translucent allowing natural tissue to show through matching the basic shade categories -light pink, standard pink and meharry), and there are no metal clasps, only tissue coloured clasps that blend with natural teeth, thus provides excellent esthetics. [20] [21] [22] [23] [24] Nylon is unbreakable, light weight & does not warp or become brittle. Because of its flexibility & incredible patient comfort nylon is ideal for patients considering a removable partial denture, and for those allergic to monomer. In addition, it involves non-invasive procedures & can be relined or repaired. Nylon shows no discoloration over time (colour fast) & is non-porous so no growth of bacteria, and even if it is non-porous, it still retains a slight amount of moisture to keep it comfortable against gums.
20-24
LIMITATIONS
Nylon is little more difficult to adjust & polish. Also it is not strong enough for conventional tooth borne rest seats.
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LUCITONE FRS FLEXIBLE DENTAL RESIN
Provides aesthetic partial dentures and very strong night guards when used with success injection system (closed flask system). Advantages are same as of valplast partial resin and it has more impact resistance.
II.) THERMOPLASTIC ACETAL
Acetal was first proposed as an unbreakable thermoplastic resin removable partial denture material in 1971. Rapid injection system developed the first tooth coloured clasps with thermoplastic fluoropolymer. 25 In 1986, Dental 'D' reintroduced tooth colored clasps using Acetal resin. Acetal as a homo-polymer has good short-term mechanical properties, but as a co-polymer has better long-term stability.
MECHANISM OF ACTION
Resin clasps engage the first third (or origin) of the undercut rather than the terminal third as in metal clasps allowing three to four times the retention of metal. The clasp can then be placed more gingival increasing its aesthetic appeal beyond the obvious colored properties.
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ADAVNTAGES
Thermoplastic acetal comes in 18 Vita shades + 3 pink shades [ Figure 13 ], to match most people's teeth or gums and clasps are tooth coloured clasps (made of acetal resin) so provide good esthetics. Labial bars can replace bulky, un-aesthetic metal swing-lock type bars. Acetal is flexible & hypoallergenic (monomer free). The teeth and clasps can be injected together in resin, or into the existing denture adding many new applications. This can also be an aesthetic way to raise bites with a more natural feel than conventional metal openers with superior aesthetics. Adjusting is usually not necessary or recommended as the clasp is injected to the tooth contour and is permanent. There are some considerations, however, to reduce the substantial retentive properties of this type of clasp. As we do in the final fitting of the appliance on a model, one might wish to reduce the amount of retention. This is done using a black rubber point on slow speed (this material is soft). Lightly polish the guide plane. A polish kit is available for fine adjusting and polishing resin. But once the acetal resin has been trimmed away, the resin cannot be replaced; only re-injected.
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LIMITATIONS
An injected resin major connector for temporary partials is no longer recommended because the major connectors must be rigid while resin is flexible & moreover it will not seal around the base of denture teeth allowing seepage of fluid under and around the teeth. Their use is limited in resin anterior teeth (unless they are temporary) because does not have the natural translucency & vitality as of thermoplastic acrylic & plyacrbonate. Also not indicated for crib Clasps in resin because unless we have a good diastema between the teeth, it won't function well.
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APPLICATIONS
Acetal resin is very strong, resists wear and fracturing, and is quite flexible. These characteristics make it an ideal material for pre-formed clasps for partial dentures, single pressed unilateral partial dentures, partial denture frameworks, provisional bridges, occlusal splints, and even implant abutments.
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III.) THERMOPLASTIC ACRYLIC
Heat-cure polymethyl methacrylate demonstrates high porosity, high water absorption, volumetric changes and residual monomer. 27 Thermoplastic acrylic has poor impact resistance, but has adequate tensile and flexural strength. Thermoplastic acrylic is available in both tooth and gingival colors, and has both translucency and vitality, providing excellent esthetics. However, acrylic does not wear as well as acetal during occlusal forces and consequently will not maintain vertical dimension over long periods of time. The material is easy to adjust, handle and polish. It is relineable and repairable at the chair-side Flexite M.P.-a thermoplastic acrylic, is a special blend of polymers and has the highest impact rating of any acrylic & does not crack even if falls on floor, thus very popular for bruxism appliances as well as dentures.
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IV) THERMOPLASTIC POLYCARBONATE
Polycarbonate is a polymer chain of bisphenol-A carbonate. Similarly to Acetal resin, polycarbonate resin is also very strong, resists fracturing, and is quite flexible. However, polycarbonate does not wear as well as Acetal during occlusal force and consequently will not maintain vertical dimension as long. Polycarbonate is not suitable for full or partial dentures but ideal for provisional crown & bridges. The material has a natural translucency and finishes very well, yielding excellent esthetics. Temporary and provisional restorations with thermoplastic polycarbonate provide patients with excellent short or mid-term function and esthetics. 25, 27 
ADVANTAGES
It doesn't use monomer and a catalyst in artisan operation process. So remaining monomer doesn't begin to melt and physical properties become stable without deteriorating. Polycarbonate exhibits little water absorption so no bad smell by saliva absorption & moreover it is safe to use i.e. no stimulation to oral mucous membrane or redness. Adherence and coherence degree is good as it has superior affinity with mucous membrane. In addition, it is superior in impact proof, stress cracking and abrasion proof.
25,27
DISADVANTAGES
Elaborate processing equipment & high moulding temperatures with greater distortion from water sorption, high flexibility, low hardness and low adhesion to acrylic teeth.
APPLICATIONS
OF THERMOPLASTIC RESINS
Current dental applications of thermoplastic materials include: preformed partial denture clasp, flexible tooth born partial denture framework, single cast partial dentures, temporary crowns and bridges, provisional crowns and bridges, occlusal appliances, implant abutments, orthodontic and sleep apnea appliances. 
CONCLUSION
The various advancements in denture base resins have provided promising results. Today many limitations of poly-methyl methacrylate denture base resins have been overcome. And its certain to have additional new applications in the future, to provide a better treatment & care to the patients.
